Lumbar epidural blockade has been used in 317 subjects to compare the analgesic properties of the hydrochloride salts of lignocaine and prilocaine in 2 per cent and 3 per cent concentrations, with and without 1/200,000 adrenaline. Prilocaine has a slower onset and spread of analgesia than lignocaine. Duration of action and intensity of motor blockade is greater with plain prilocaine than with plain lignocaine in both 2 and 3 per cent concentrations. Addition of a vasoconstrictor improves the duration and quality of blockade of both prilocaine and lignocaine, but the effect on the latter is greater than on the former. The proportionate effect is such that the intensity of motor block and duration become practically the same in the 2 and 3 per cent solutions of both drugs when 1/200,000 adrenaline is present. At any given age all the test solutions, except 3 per cent plain prilocaine, produce the same degree of segmental spread. The dose-requirements of 3 per cent plain prilocaine are about 40 per cent greater than the other solutions at 20 years, but this difference decreases with age, and disappears by the ninth decade. Three per cent lignocaine with adrenaline produces the most efficient blockade of all the test solutions. However, the lower toxicity of prilocaine makes 3 per cent prilocaine with adrenaline the solution of choice in most instances.
Investigations in animals and man have shown that prilocaine has about the same potency as Two per cent and 3 per cent solutions of lignolignocaine, whereas its duration is appreciably caine and prilocaine hydrochloride were used to longer and its toxicity is about 40 per cent less induce epidural analgesia in 317 conscious (Wiedling, 1960; Astrom and Persson, 1961 ; surgical patients. Pregnant women and patients Englesson et al., 1962) . Thus the drug seemed with evidence of arteriosclerotic disease were well suited for all forms of regional analgesia, excluded from the series because these patients and especially for epidural blockade, where large show an exaggerated spread of epidural blockade doses of local anaesthetics are commonly re- (Bromage, 1962a, b) . The solutions were distriquired.
buted among the series as shown in 
Distribution of eight series
Plain solutions 2% Lignocaine 2% PrSocaine 3% Lignocaine 3% Prilocaine
Adrenaline solutions 2% Lignocaine 2% Prilocaine 3% Lignocaine 3 % Prilocaine Solutions with adrenaline were prepared by adding 0.1 ml of 1/1000 adrenaline from a freshly opened ampoule to every 20 ml of analgesic solution. The pH of all the test solutions fell in the range 6.27-6.70. Epidural analgesia was induced in a standardized manner. A No. 16 or No. 17 Tuohy needle was introduced at the second lumbar interspace in the sitting position, with the orifice towards the head. A syringe containing air or saline was used for the loss-of-resistance test. When saline was used care was taken to halt the plunger of the syringe as soon as the epidural space was entered, in order to avoid diluting the subsequent main dose of local anaesthetic solution.
From previous data the size of the main dose was calculated to establish a segmental block with an upper level between T., and T s (Bromage, 1962a ). The predicted amount was then injected without a previous test dose at a rate of about 0.75 ml per second, and a catheter was insened into the epidural space and strapped to the back. The patient remained sitting for 5 minutes and was then placed in the supine position.
Onset and spread of skin analgesia was tested by pin-prick at short intervals, using a No. 22 gauge needle, and a dermatome chart was plotted against time to provide measurements of latency of onset, spread and duration of analgesia, as described previously (Bromage, 1962a; Bromage et al., 1964 ). Regression of the upper level of analgesia was tested in patients who elected to remain awake during operation, and duration of analgesia was defined as the interval from the time of complete spread of analgesia to the point when analgesia had receded two spinal dermatomes. This was called "duration of recession to two segments". Dose requirements were expressed gravimetrically as milligrams of drug per spinal segment, as described elsewhere (Bromage et al., 1964) .
Motor blockade of the legs was assessed rather grossly in terms of ability to move the feet and legs on command, 30-35 minutes after injection of the main epidural dose. Degrees of motor block were classed as Nil, Partial, Almost Complete, and Complete, and these were given scores of 0 per cent, 33 per cent, 66 per cent, and 100 per cent respectively for purposes of numerical comparison (Bromage et al., 1964) . Since the intensity of motor block is often asymmetrical in epidural analgesia, both legs were assessed and scored separately for each patient, and the total score was averaged for each test solution. 
RESULTS

Latency.
Data for latency of analgesia are summarized in table U. It can be seen that onset and spread of analgesia is significantly faster with lignocaine than with prilocaine in both the 2 per cent and 3 per cent concentrations. Most of the delay with prilocaine was involved in a spread downwards to the lower spinal segments, rather than in upward spread. The delay was particularly noticeable in the fifth lumbar and first sacral dermatomes, for these are usually the last segments to become anaesthetized after a lumbar epidural injection.
Increasing the concentration from 2 per cent to 3 per cent shortened the latency of spread of both drugs by 15-18 per cent. Adrenaline 1/200,000 had a weaker but significant influence on latency at these concentrations, shortening the spreading time by 5-10 per cent. The shortest waiting time for complete spread was found with 3 per cent lignocaine and adrenaline (14.0 min), and the longest time with 2 per cent plain prilocaine (20.5 min).
It should be recalled that the epidural latency for lignocaine is irregularly related to concentration in the range 1-5 per cent, and to the presence of adrenaline (Bromage et al., 1964) , and so these results for prilocaine cannot be extrapolated to concentrations outside the range of this investigation.
Spread.
The age and dose-requirements of each patient were recorded on IBM cards and the mathematical relations of dosage to age were calculated with the aid of a data processing computer (IBM 7090). Dose-requirements for the eight test solutions have been plotted against age in figure 2 as previously described (Bromage, 1962a; Bromage et al., 1964) . Regression analysis was used to calculate the eight mean curves, and these have been superimposed on the original data points. All the curves have the general form y=Ae bl , and decay exponentially with increasing age.
Ninety per cent confidence limits were calculated for each of the eight populations, and these are shown in figure 3 .
The mathematical formulae for each of the mean regression lines are shown in table IH. An estimate of the predictability of any dosage is given by the width of the upper and lower confidence bands at any given age; in table HI the median age has been chosen for purposes of comparison. The upper confidence band is always wider than the lower due to the use of logarithms in the regression analysis.
It can be seen that the plain solutions are less predictable than the adrenaline solutions, the least predictable being 3 per cent plain prilocaine and the most predictable 3 per cent lignocaine with adrenaline.
All but one of the regression lines have similar slopes, running from about 35 mg per segment at 20 years to about 15 mg per segment at 80 years. The exception is 3 per cent plain prilocaine which has much higher dose-requirements in the younger age groups, declining steeply from 50 mg per segment at 20 years to join the others at the ninth decade. The mean curve of the 3 per cent plain prilocaine population is significantly different from the means of the other 3 per cent solutions at all ages up to 70 years, and at the youngest age limit of 20 years its mean doserequirements are 43 per cent greater than the other populations.
Motor blockade.
The scores for motor blockade of the legs are summarized in table IV, and the average degree of motor block produced by each solution is shown in the last column of the table.
Voluntary motor activity of the legs was virtually unaffected by the plain lignocaine solutions, N=No motor block (0%). P =Partial motor block (33%).
AC=Almost complete motor block (66%).
C=Complete motor block (100%).
whereas plain prilocaine caused four or five times as much motor paresis. The quality of motor blockade was improved by adding adrenaline 1/200,000 to the plain solutions, but the effect was much greater on lignocaine than on prilocaine, and the slight augmentation found with 3 per cent prilocaine was not statistically significant. All four solutions containing adrenaline caused a similar degree of motor paresis, in the range of 34-38 per cent of maximum blockade.
Duration.
Duration of action from the time of complete spread of analgesia until recession of the upper two analgesic dermatomes is shown in the last part of table II.
Plain lignocaine in both 2 per cent and 3 per cent concentrations is short-acting with a mean duration of only 35-40 minutes.
Plain prilocaine has a significantly longer action than plain lignocaine with a duration of 77 minutes and 85 minutes in the 2 and 3 per cent solutions respectively. The difference in duration of action of the two plain prilocaine concentrations is not significant.
Addition of 1/200,000 adrenaline prolongs the action of lignocaine much more effectively than that of prilocaine, so that the duration of lignocaine is doubled, whereas the duration of prilocaine is only increased by about one-quarter, and all four adrenaline solutions last for approximately the same period of 95-100 minutes.
DISCUSSION
Epidural blockade appears to have some advantages for comparing the properties of different local anaesthetic drugs (Crawford, 1953; Stout, 1957) , but the technique has certain inherent limitations that must be considered when it is used for this purpose. The limitations are related to the manner of spread and distribution of drugs from the epidural space, for these do not seem to follow a simple pattern of spatial spread and diffusion, as had been supposed, but rather a complex transport system (Bromage, Joyal and Binney, 1963; Usubiaga et al., 1964) where the clinical effect is determined by a number of factors, among which concentration is not a linear function (Bromage et al., 1964) .
This lack of linear relationship between concentration and quality of clinical effect must be appreciated before applying epidural analgesia to a comparison of different local anaesthetics, and in designing a comparative study the influence of concentration should be taken into account as well as the presence or absence of local vasoconstrictors.
The results of this clinical comparison show that the analgesic properties of prilocaine differ appreciably from those of plain lignocaine, in terms of latency, intensity of motor blockade, and duration of action. When adrenaline is added as a vasoconstrictor, however, the effects of the drugs are more similar in every respect and the spread of analgesia is more predictable, suggesting that vascular factors may be responsible for the differences observed between the plain solutions.
Prilocaine is consistently slower to take effect and to develop full blockade than lignocaine (table H) , and this may constitute a slight practical disadvantage in a busy environment. On the other hand, plain prilocaine produces a significant degree of motor block, and lasts twice as long as plain lignocaine, and these qualities are advantageous in situations where the use of adrenaline is thought to be contraindicated.
The differences of onset and decay can be explained to some extent on the basis of differing lipoid solubilities (Brodie, 1964) . Table V shows that the oil-water solubility ratio of lignocaine is more than twice that of prilocaine, and since the ionization constants of the two drugs are very similar, lignocaine will be taken up by tissues and blood stream faster than prilocaine at any given pH. The amount of drug that actually penetrates nerve tissue will depend on the net effect of a number of variables, among which local vascularity and blood flow will be important. The combination of slow onset with effective motor blockade and long duration suggests that prilocaine is carried away from the site of injection less rapidly than lignocaine, so that more time is allowed for the drug to be taken up by nerve tissue. This impression of vascular influences is confirmed by two related but independent observations. Scott (1964) has shown that the venous blood concentrations of prilocaine are lower than those of lignocaine following epidural injection of the plain solutions, while Bromage and Robson (1961) have shown that the relatively high vascular uptake of lignocaine also falls to low levels when adrenaline is added.
The dose-requirements of 3 per cent prilocaine has been one of the most striking findings in this investigation. The data in figures 2 and 3 show that prilocaine and lignocaine have very similar dose-requirements in all the test solutions, except for the 3 per cent plain concentration, and here prilocaine deviates markedly from lignocaine. The reason for this is not immediately apparent, but the observation that the difference lessens with age and with adrenaline (both of which diminish local blood flow) once again suggests that vascular factors may be involved in the different slopes of the two curves.
The high dose-requirements of 3 per cent plain prilocaine are important from the practical point of view, for others have suggested that the low toxicity of prilocaine makes this particular concentration of the plain solution ideally suited to epidural blockade (Crawford, 1964) . The results of this investigation show that such a recommendation should not be accepted without qualification, particularly for young patients. For example, in a 20-year-old patient all the other test solutions require about 35 mg of hydrochloride to anaesthetize each spinal segment, whereas 3 per cent plain prilocaine requires 50 mg per segment. And so, to produce a block to the sixth thoracic segment (a total of sixteen segments) with any of the other test solutions a dose of 560 mg would be sufficient, whereas to reach the same segment level with 3 per cent plain prilocaine the dose would have to be increased to 800 mg. Now there is an objection to using prilocaine in such large amounts, for the following reason. The prilocaine molecule lacks a second methyl group on the phenol ring (see fig. 1 ) and this weakens the neighbouring amide linkage, making the -NH-CO-group more susceptible to hydrolysis than in the lignocaine molecule. The aniline breakdown product of hydrolysis (o-toluidine) combines with haemoglobin to form methaemoglobin. Fujimori, Nishimura and Goto (1964) have shown that epidural doses of more than 800 mg of prilocaine regularly produce methaemoglobinaemia to the extent of 1-3 g per 100 ml, 3-7 hours after administration. Blood concentrations of methaemoglobin in excess of 1.5 g/100 ml are sufficient to produce cyanosis (Joseph, 1962) , and this may confuse the clinical assessment of a difficult case in the postoperative period.
Certain practical conclusions can now be drawn from the results of this investigation. The plain solutions of lignocaine are not suitable for epidural blockade in surgery. Latency is unduly long, motor blockade is almost non-existent, and duration is so brief that frequent repeated injections are necessary to maintain analgesia, and these may lead to signs of cumulative toxicity (Bromage and Robson, 1961) .
Nor is plain prilocaine ideal. The 2 per cent solution is excessively slow to take effect, particularly in the sacral segments, and the 3 per cent solution is also rather slow, and requires large dosage in the younger age groups. However, the relatively intense motor block and long duration of the latter solution makes it a more attractive choice than plain lignocaine, and excessive dosage with 3 per cent plain prilocaine can be avoided if its use is restricted to patients over 60 years of age, or to low blocks requiring a small number of anaesthetized segments.
The addition of a weak concentration of adrenaline clearly enhances the qualities of both prilocaine and lignocaine. Latency is shortened, quality of blockade is improved, and duration lengthened. Moreover, spread of blockade can be predicted with greater accuracy, as shown by the width of the confidence bands in figure 3 . The data points are quite widely scattered in the plain solutions, whereas those from the adrenaline solutions are more tightly collected about their means.
Here it should be understood that in speaking of adrenaline we are referring to the freshly added drug, administered in a pH close to the physiological range, and not to stock solutions of local anaesthetics manufactured with adrenaline already mixed. These pre-mixed solutions have a low pH in the neighbourhood of 3.5 and tend to be less efficient than a freshly prepared mixture with a pH over 6.0 (Skou, 1961) .
The four solutions containing adrenaline in this series were almost identical in their main characteristics of segmental spread, intensity and duration of effect, and so any priority of choice between them must be based on the two remaining attributes of latency and toxicity.
The very slow latency of 2 per cent prilocaine is not shortened appreciably by adrenaline, and a mean spreading time of 19.5 minutes is still too long for most practical purposes. Three per cent prilocaine with adrenaline has a more acceptable latency of 16.5 minutes, which is comparable to 2 per cent lignocaine with adrenaline. But the fastest onset comes from 3 per cent lignocaine with adrenaline (14.0 minutes), and if it were not for considerations of toxicity this would be the first choice of the series.
However, the low toxicity of prilocaine is a very important consideration, and in the 3 per cent solution of prilocaine with adrenaline we find the best compromise between safety and efficiency. Here latency of spread is only 2.5 minutes longer than for 3 per cent lignocaine with adrenaline, and this is acceptably close from a practical standpoint. In all other respects the blocking effects of the two solutions are indistinguishable, so that in this particular solution of prilocaine the low toxicity provides a greatly increased safety margin without appreciable sacrifice of efficiency.
The advantages of prilocaine in epidural analgesia becomes more obvious when latency is speeded up by faster liberation of active lipoidsoluble base in the tissues. This can be done by administering the base as a salt of carbonic acid instead of the hydrochloride, as in this series. Under these circumstances latency of the 2 per cent solution is reduced to about 13 minutes, while intensity of blockade is increased (Bromage, 1964) . A comparison of the carbonic salts of lignocaine and prilocaine will be the subject of a future communication.
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SOMMATRE
On a fait une rachianesthesie lombaire chez 317 sujets pour comparer les propriites analgesiques des chlorhydrates de lignocaine aux concentrations de 2% et 3%, avec et sans l'adrenaline a 1/200.000. La prilocaine donne une analgesie qui debute et s'fend plus lentemente que la lignocaine. La duree d'action et l'intensiti de la paralysie motrice sont plus grandes avec la prilocaine simple qu'avec la lignocaine aux deux concentrations de 2 et 3%. L'addition d'un vasoconstricteur ameliore la duree et la quality du bloc de la prilocaine comme de la lignocaine, mais l'effet sur cctte derniere est plus grand que sur la premiere. L'effet proportionnel est tel que l'intensite de la paralysie motrice et la duree deviennett pratiquement les memes pour les solutions a 2 et 3% des deux drogues s'il y a de l'adrenaline a 1/200.000. A tout age donne, toutes les solutions-test, sauf la prilocaine simple a 3%, produisent le meme degr6 d'extension segmentaire. Avec la prilocaine simple a 3%, il faut une dose d'environ 40 fois plus grande qu'avec les autres solutions a 20 ans, mais cette difference decroit avec l'Sge et disparait vers la neuvieme decade. La lignocaine a 3% avec adrenaline produit le bloc le plus efficient de toutes les autres solutions-test. Pourtant, la moindre toxiciti de la prilocaine fait que la prilocaine a 3% avec adrenaline est la solution dc choix dans la plupart des cas. 
